ABSTRACT Previous studies demonstrated that in ovo photostimulation with monochromatic green light increases body weight and accelerates muscle development in broilers. The mechanism in which in ovo photostimulation accelerates growth and muscle development is not clearly understood. The objective of the current study was to define development of the somatotropic axis in the broiler embryo associated with in ovo green light photostimulation. Two-hundred-forty fertile broiler eggs were divided into 2 groups. The first group was incubated under intermittent monochromatic green light using light-emitting diode (LED) lamps with an intensity of 0.1 W\m 2 at shell level, and the second group was incubated under dark conditions and served as control. In ovo green light photostimulation increased plasma growth hormone (GH) and prolactin (PRL) levels, as well as hypothalamic growth hormone releasing hormone (GHRH), liver growth hormone receptor (GHR), and insulin-like growth factor-1 (IGF-1) mRNA levels. The in ovo photostimulation did not, however, increase embryo's body weight, breast muscle weight, or liver weight. The results of this study suggest that stimulation with monochromatic green light during incubation increases somatotropic axis expression, as well as plasma prolactin levels, during embryonic development.
INTRODUCTION
Broilers meat is an important source of high quality proteins, minerals and vitamins. The worldwide broilers industry has continuously increased in the last 40 years, and is the third most consumed meat source in the world (Heidari, Omid and Akram, 2011) . Therefore, increasing the efficiency and yield of broiler muscle growth after hatching must be studied in order to answer the increased demand in poultry meat (Heidari, Omid and Akram, 2011, Begum et al., 2010) . Increasing the efficiency and rate of muscle production also would likely lead to better meat quality (Hays and Preston, 1994; Jiménez-Colmenero, Carballo and Cofrades, 2001) .
Artificial illumination, both in ovo and post hatch, is a major management tool for growth and muscle development stimulation of meat type birds. Early studies conducted in our laboratory (Rozenboim, Robinzon C and Rosenstrauch, 1999; Rozenboim et al., , 2004 demonstrated acceleration of broiler growth rate follows post hatch 560 nm green light (GL) and 480 nm blue light (BL) photostimulation. This phenomenon was associated with an increase in breast muscle weight. Green light enhanced growth rate significantly more than white light (WL) and 660 nm red light (RL) at 3 d of age. Growth also was enhanced by BL, but the onset of this effect was at an older age. These results were in agreement with Wabeck and Skoglund (1974) , who demonstrated the same effect in broilers, and Phogat et al. (1985) who found the same in quail. These early findings demonstrated that pure monochromatic photostimulation affects growth rate of broiler chicks.
Furthermore, in ovo GL photostimulation of broiler eggs between embryonic day (ED) 0 to hatch significantly elevated embryonic body and breast muscle weights (as a percentage of egg weight and body weight, respectively) (Rozenboim et al., 2004) . After hatch, body weights of broilers that were in ovo GL photostimulated were significantly higher than broilers incubated in standard dark (D) conditions. In ovo GL photostimulation also stimulated satellite cell proliferation and differentiation (Halevy et al., 2006a) and elevated the number of satellite cells per gram of muscles, compared to the D group (Halevy et al., 2006b) .
One mechanism controlling the growth and development of muscles, is the somatotropic axis, which involves the hypothalamic growth hormone releasing hormone (GHRH), the growth hormone (GH) produced by the anterior pituitary, insulin like growth factor 1 (IGF-1) produced by the liver and skeletal muscles, and the corresponding receptors. It was found that several components of the somatotropic axis (such as GH and IGF-1) induce proliferation and differentiation of muscle cells (Halevy et al., 2006b) .
Pituitary somatotroph cells differentiate during the last half of the chick embryonic development, and their abundance increases dramatically between ED12 and 16 (Porter, 2005) . It was found that embryonic plasma GH detection is possible by ED12 (Kikuchi et al., 1991) , and that in post hatch birds, the GH secretion from the somatotroph cell, is in a pulsatile pattern (McMurtry et al., 1997; Kim, 2010) and is regulated by GHRH, thyrotropin-releasing hormone (TRH), and somatostatin from the hypothalamus (both in ovo and post hatch). GHRH and TRH increase the secretion of the GH (Porter et al., 2006) , while somatostatin inhibits its basal secretion (Bossis and Porter, 2001; Porter et al., 2006) . GHRH also increases GH gene expression, both directly and indirectly (through cAMP as a second messenger), as well as stimulates proliferation of somatotropic cells (Mayo, 1992) . It also causes a modest increase in the pituitary's GHRH receptor expression (Porter et al., 2006) .
Growth hormone affects growth through activation of its receptor (Edens and Talamantes, 1998) . The growth hormone receptor (GHR) is a transmembrane protein, which starts to develop on ED12 (Kocamis et al., 1999) . It can be found on several tissues, including the liver, muscle, and adipose tissues (Mao et al., 1998) . The receptors in the muscle can be found on satellite cells, and it was found that in ovo photostimulation with GL increases cGHR expression on satellite cells (Halevy et al., 2006a) . In broilers, expression of GHR mRNA increases with age in the liver and adipose tissue, but no significant increase in the breast and leg muscles was found (Mao et al., 1998) .
Insulin-like growth factor 1 belongs to a family of polypeptide hormones related to insulin with several metabolic and anabolic properties (McMurtry et al., 1997) . In birds, IGF-1 in the muscle can be derived from 2 sources: The first is synthesis by the liver under the influence of growth hormone and the second source is local synthesis with autocrine and paracrine effects (Kanacki et al., 2012) . The secretion of IGF-I comes in 2 forms, GH-dependent and GH-independent mechanisms (McMurtry et al., 1997) . In the embryo, IGF-1 mRNA is expressed in several tissues early in incubation, even before the initiation of GH secretion. In post hatch poultry, the control of IGF-I secretion is more dependent on GH and GH receptors, compared to the embryo (McMurtry et al., 1997) . The synthesis and secretion of IGF-1 in the chicken is coupled closely with the pulsatile pattern of the GH secretion (McMurtry et al., 1997) . IGF-1 has an important role in the metabolism of carbohydrates, fats, and proteins in several tissues, including the liver, muscle, and adipose tissue (Kanacki et al., 2012) , as well as playing a pivotal role in muscle cell proliferation and differentiation (Halevy et al., 2006b ). Similar to GH receptors on satellite cells in the muscle, muscle IGF-1 also was found to be significantly higher in early post hatch birds that had been exposed to light stimuli (Halevy et al., 2006b) .
Another hormone that might affect broilers' growth is prolactin (PRL). Similar to GH, PRL also is involved in the growth control of hatched chickens (Harvey et al., 1979) . Plasma PRL levels can be detected at ED9 then elevates by ED19 and one d post hatch (Harvey et al., 1979) .
The mechanism in which in ovo photostimulation accelerates growth and muscle development is not yet understood. The objective of the current study was to determine the development of the somatotropic axis in the broiler embryo associated with in ovo green light photostimulation, as a possible mechanism.
MATERIALS AND METHODS
Animals: All procedures were approved by The Animal Care Committee of the Hebrew University of Jerusalem. Two-hundred-forty pre-weighed (63 ± 3 g) fertile broiler eggs (Cobb 500) were used. The eggs were obtained from a 42 wks of age broiler breeder flock from Brown Hatchery (Hod Hasharon, Israel). All the eggs were set in one Petersime 9600 incubator (Petersime nv., Centrumstraat, Zulte (Olsene), Belgium) under normal conditions, (37.8
• C and 56% RH) in the Animal Science building at the Robert Smith Faculty of Agriculture Food and Environment, Israel. At 7 d of incubation, all eggs were candled, and infertile eggs were removed. At 18 d of incubation, eggs were transferred into hatching trays.
Light management: Eggs were divided into 2 treatment groups (n = 120 eggs) with 3 replicates. The first group was incubated in the dark (control). The second group was photostimulated with monochromatic green light (GL) (560 nm, intensity of 0.1 watt/m 2 at egg shell level, and in intervals of 15 min light/ 15 min dark to avoid overheating of the egg (Rozenboim et al., 2004) ). The light was provided by light-emitting diode (LED) strips attached to the bottom of empty incubation trays located above the GL treatment group. Light intensity measurements were zero in the dark group trays. Each treatment group was placed in 3 setting trays (3 replicates of the treatment) located at different levels in the incubator in order to examine the effects of different placements of the eggs inside the incubator on the results. Groups were separated by cardboard (placed above the light trays) to eliminate light effect between groups. Blood sampling: Until E20 (hatching d), eggs were opened and egg contents were placed in a petri dish. Heparinized blood samples were drawn every other d from ED10 to ED18 from the chorioallantoic vein from separate embryos, and on ED20 (after hatch) blood samples were drown from the jugular vein. Blood samples were taken from 28 embryos (14 from each treatment every other d), and plasma samples were stored in -20
• C until assay. Tissue sampling: Following blood sampling, each embryo was weighed, and several tissues were sampled (including hypothalamus, pituitary, liver, and breast muscle). The hypothalamus was sampled after extracting the brain from the skull. The pituitary was sampled from its case, after the removal of the brain. Breast muscle was cut off from the rib cage and weighed, and a small sample was taken. The liver was sampled after opening the abdominal wall, extracting the entire liver, and weighing it. The samples were placed in liquid nitrogen and stored at -80
• C until mRNA expression analysis.
RNA extraction and real-time polymerase chain reaction (PCR): Frozen tissue samples were homogenized by an HG-300 homogenizer with a 7 mm diameter saw tooth. Total RNA was extracted from the different tissues by using RNAzol R RT reagent (100 mg of tissue/1 mL RNAzol R RT) according to the manufacturer protocol (Genecopeia, Rockvile, MD). The concentration of total RNA obtained from the tissues was measured by NanoDrop R ND-1000 UV-Vis Spectrophotometer (Wilmington, DE, USA). Reverse transcription reaction (RT) to obtain complementary DNA was performed. One microgram of total RNA was reverse transcribed into cDNA in a total volume of 20 μL using 200 U reverse transcriptase, 250 pg random hexamer primers, and 62.5 ng oligodeoxinucleotides. Real-time PCR was performed using a LightCycler R 96 Real-Time PCR system (Roche Diagnostics GmbH Sandhofer strabe 116 68305 Mannheim, Germany), using Platinum R SYBR R Green qPCR SuperMix-UDG (Thermo Fisher Scientific, Life Technologies Ltd., Invitrogen TM , Paisley, UK). The geometric means of β-Actin and GAPDH were used as standard. The reaction was incubated under a preplanned thermal cycle, starting with pre-incubation for 10 min, followed by 45 cycles of amplification steps (each for 50 s) and ending in melting for 2 minutes. Dissociation curves after each real-time run confirmed the presence of only one product and the absence of the formation of primer dimers. The Quantification Cycle (Cq) for each tested gene X was used to quantify the relative abundance of the gene; arbitrary units were calculated as 2 -{Δ} Cq = 2 • C. Surfaces were blocked by addition of 0.1 mL per well of 0.4% casein in 0.15 M PBS pH 7.2 containing one mM EDTA and 0.02% thimerosal. After overnight incubation at 4
• C, plates were washed 3 times in 0.03 M PBS containing 0.05% Tween 20. The assay buffer was 0.15 M PBS pH 7.2 containing 0.1% casein, one mM EDTA, and 0.02% thimerosal. Volumes of 50 μl samples (10 μl plasma diluted in 40 μl of assay buffer) or standards containing 0.039-20 ng chicken GH (Dr. A. F. Parlow, National Hormone and Peptide Program; Harbor-UCLA R.E.I, Torrance, CA, USA) were pipetted into the wells. Biotinylated GH was diluted 1:250,000 and 25 μl was added to each well. Rabbit anti-chicken GH was diluted 1:500,000 (shows broad phylogenetic recognition of avian GH, (Dr. John Proudman, USDA, Beltsville, MD), and 25 μl was added to each well. The antibody used has been validated for chicken, with parallel curves (starting at 5 μl) achieved for chicken (Prof. Israel Rozenboim, data not published). The plates were incubated at 4
• C overnight. Then plates were washed and 0.1 mL of streptavidin-horseradish peroxidase (1:5000) was added. The plates were incubated 2 h at room temperature and then plates were washed. 0.1 mL ABTS reagent (0.04% 2,2 -azino-bis-3-ethylbenzthizoline-6-sulfonic acid and 0.015% H2O2 in 0.1 M citrate phosphate buffer, pH 4) was added. After 30 min of incubation at room temperature, the color reaction was measured at 405 nm in a Tecan Sunrise ELISA reader (Tecan Group Ltd., Männedorf, Switzerland). Cross-reactivity between chicken GH and PRL was tested and not found. The assay was conducted in duplicates; intra-assay coefficient of variation with pooled chicken plasma was 7% and inter-assay was not computed as all samples were analyzed in a single assay.
Plasma PRL was assayed by competitive ELISA using biotinylated prolactin tracer as described previously (Rochester et al., 2008) .
Statistical analysis: After testing the difference between different trays of the same treatment group, the data were subjected to ANOVA according to the following model:
with Treatment (dark and green light) and embryonic day (ED10 to ED20) as the main fixed effects. Interaction between Treatment and ED also was included.
No significant interaction between Treatment and ED was found. Therefore, figures show the LSMeans (±SE) of each treatment at a certain embryonic day. The Tukey-Kramer HSD test was used for post-hoc testing of the differences between treatments' LSMeans.
All statistical analyses were conducted with the JMP software of the SAS Institute (Ver.12).
RESULTS
No significant difference was found among the 3 trays of each treatment group, placed in different levels of the incubator.
Throughout the incubation period, in ovo GL photostimulation did not affect embryonic body liver and breast muscle weights. Furthermore, no significant dif- ferences were found among incubated trays of each light treatment.
Plasma GH and PRL Levels
In ovo GL photostimulation caused a significant increase in plasma GH (Figure 1 ) and PRL (Figure 2 ) levels from ED14 until ED18, and on ED14 and ED20 (hatching d), respectively. In addition, plasma GH and PRL levels were elevated during the second half of incubation for both treatment groups between ED16 and ED20 ( Figure 1 ) and from ED14 to ED20 (Figure 2 ), respectively (P < 0.05).
Hypothalamic GHRH, Liver GHR, Liver IGF-1, and Breast Muscle IGF-1 mRNA Gene Expression
In ovo monochromatic GL photostimulation caused a significant increase in the hypothalamic GHRH mRNA on ED16 and ED20 (Figure 3) , as well as a significant increase in liver GHR mRNA between ED16 and ED18 (Figure 4) , and liver IGF-1 mRNA between ED14 and ED18 ( Figure 5 ), while increasing breast muscle IGF-1 mRNA only on ED14 (Figure 6 ). During embryonic development, we found in both treatment groups that hypothalamic GHRH mRNA increased between E12 and E20 (Figure 3) , liver GHR mRNA increased between ED10 and ED18 (Figure 4) , and then decreased on hatching day. Liver IGF-1 mRNA gene expression remained low and without change throughout the incubation period, and increased on ED20 (hatching d) (Figure 5 ), while breast muscle IGF-1 gene expression was increased between ED14 and ED18, then decreased on hatching d (ED20) (Figure 6 ).
DISCUSSION
In ovo GL photostimulation increased somatotropic axis activity during embryogenesis manifested by elevation in plasma GH and PRL levels and increased hypothalamic GHRH, liver GHR, and liver IGF-1 gene expressions.
During the embryo incubation period, we saw an increase in plasma GH levels from ED16 to ED20 (hatching d). It was found in previous studies that plasma GH levels can be measured from ED12. They start to increase on ED15 until a peak on ED17, then decrease until ED20, followed by a major increase at hatching (embryonic d 21) (Kikuchi et al., 1991) . In another study, it was found that plasma GH levels increased from ED15 until the post hatch period (Zhang et al., 2014) . Furthermore, Zhang et al. (2014) found that green light in ovo photostimulation elevated plasma GH levels between ED19 and d 5 post hatch. In our study, we demonstrated significant elevation in plasma GH levels between ED14-ED18 with no difference at hatching day between the two groups. The elevation observed in plasma GH levels and the increase in liver GHR and IGF-1 gene expressions, suggesting a positive relationship among somatotropic components.
The elevation in liver GHR mRNA gene expression with in ovo GL photostimulation might be a result of plasma GH levels. Mathews et al. (1989) found that continuous exposure of hypophysectomized rats to GH increased liver and adipocyte GHR levels, but did not affect GHR mRNA expression. On the other hand, Ambler et al. (1992) demonstrated that administration of GH to pigs increased both plasma GH binding protein and liver GH receptor binding. In addition, GH administration to pigs increased both liver GHR and IGF-1 gene expression (Brameld et al., 1996) . Halevy et al. (1998) demonstrated in broilers that in ovo GL photostimulation elevated in vitro satellite cell GHR gene expression. Might the effect of in ovo GL photostimulation on liver GHR expression be similar to satellite cells? Further studies are necessary in order to understand the connection between in ovo GL photostimulation and the increase in the liver GHR gene expression in the broiler.
Similar to the plasma GH levels, we found an increase in plasma PRL levels between ED14 and ED20. This secretion pattern is similar to the pattern found by Harvey et al. (1979) . We also found that GL in ovo photostimulation further increased plasma PRL levels. The elevation in plasma PRL levels, together with the increase in in ovo GL photostimulated embryo development found by Rozenboim et al. (2004) , may suggest that prolactin plays a role in the growth of the broiler embryo as previously suggested by Harvey et al. (1979) .
Hypothalamic GHRH gene expression was elevated throughout the embryonic development period, as well as an increase in liver GHR gene expression from ED12 until its peak on ED18, followed by a decline until hatching. This expression pattern is similar to reports found in previous studies, which found that expression of the liver GHR gene can be found from ED12 to ED13 in the broiler embryo, and it reaches a peak at ED17, followed by a decline until hatching (Burnside and Cogburn, 1992) . It was shown that no liver IGF-1 mRNA can be found during the embryonic stage, while a 5-fold increase can be found between d 7 and 50 post hatch (Kikuchi et al., 1991) . Similar results were reported by Burnside and Cogburn (1992) who found no expression of the liver IGF-1 gene during embryonic development (Burnside and Cogburn, 1992) . In our study, we found small amounts of IGF-1 gene expression in the liver, and an increase in expression at hatching, while muscle IGF-1 gene expression was higher during incubation, but declined at hatching. An explanation for these findings is that the liver is not the embryonic primary source of IGF-1, although it is the major IGF-1 source in the post hatch bird (McMurtry et al., 1997) . In ovo GL photostimulated embryos had higher levels of hypothalamic GHRH and liver GHR and IGF-1; however, when looking at the effect of GL in ovo photostimulation on muscle IGF-1, we found an elevation of expression only at ED14. These results are similar to results found in several studies, which showed an effect of in ovo monochromatic GL photostimulation on GHR expression in satellite cells (Halevy et al., 2006a) , and no effect of in ovo photostimulation with monochromatic GL on breast muscle IGF-1 gene expression during the end of the incubation period (Halevy et al., 2006b) .
During this study, we found no effect of in ovo GL photostimulation on the embryo's body, breast muscle, or liver weights. These results are different from what was reported in previous studies, which showed that in ovo monochromatic GL photostimulation increased both embryo weight and breast muscle weight when compared to the control group (Rozenboim et al., 2004) .
In previous papers, it was found that embryos incubated under GL had a higher number of myoblasts, in comparison to embryos incubated in the dark (Halevy et al., 2006a) . Combining those results with our own, it is possible that GL increases expression of the somatotropic axis, and in turn, its components (such as GH and IGF-1) increase growth of the embryo, both during incubation and post hatch.
In conclusion, we saw an elevation of the somatotropic axis expression during embryonic development as a result of GL in ovo photostimulation. This elevation suggests a specific effect of GL on the different tissues of the somatotropic axis (such as the hypothalamus, pituitary, liver, and muscles). We suggest that GL in ovo photostimulation affects the hypothalamic GHRH (as implied from the increase in its gene expression), which in turn increases the secretion of GH from the pituitary. Furthermore, GL also caused an increase in liver GH receptors, and together with the increase in plasma GH, we observed an increase in the effect of GH on the liver, such as an increase in IGF-1 gene expression.
Further studies are necessary in order to understand the part plasma PRL plays in the development of the embryo, as well as through which mechanism it affects growth. Further studies also are required to understand the connection between the photoreceptors that absorb the monochromatic GL during the incubation period, and the hypothalamic GHRH secreting cells, as well as to understand the mechanism that causes the increase of somatotropic axis expression (such as liver GHR mRNA) in the in ovo photostimulated embryos To the best of our knowledge, this is the first research on the effect of in ovo photostimulation with monochromatic GL on expression of the major components of the somatotropic axis in the broiler.
